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(57) Abstract 

A system and method for software version management, including a network management system (100), network manager (106), and 
at least one network element is described. The software version management process identifies a first managed object tree (600) having a 
plurality of managed objects to be upgraded. The managed object tree (600) is used to generated a second managed object tree. The second 
managed object tree is generated by transforming the topology of die first managed object tree. After the second managed object tree has 
been generated, the plurality of managed objects (602) are data transformed. Data transformation is accomplished by data transformation 
functions executed to upgrade the individual managed objects. 
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METHOD AND SYSTEM FOR SOFTWARE VERSION 
MANAGEMENT IN A NETWORK MANAGEMENT SYSTEM 

BACKGROUND OF THE INVENTION 

5 

L Field of the Invention 

The present invention relates generally to network management 
systems, and more specifically is directed toward software version 
10 management. 

O. Related Art 

Telecommunication service providers provide a wide range of services 

15 to their customers. These services range from the transport of a standard 64 
kbit/s voice channel (i.e., DSO channel) or subrate thereof to the transport of 
higher rate digital data services (e.g., video). Both voice channels and digital 
data services are transported over the network via a hierarchy of digital 
signal transport levels. For example, in a conventional digital signal 

20 hierarchy 24 DSO channels are mapped into a DS1 channel. In turn, 28 DS1 
channels are mapped into a DS3 channel. The number of customers served 
and the complexity of services offered by telecommunication service 
providers are always increasing. 

The wide range of services, signals and channels require a complex 

25 network of telecommunications equipment. Management of the complex 
telecommunications network is necessary to maintain optimum levels of 
service to the customer as well as efficiency in the maintenance and usage of 
the equipment itself. As networks grow increasingly complex, both in the 
size of the network and the range of services provided by the network, 

30 network management becomes increasingly important. 
Telecommunications service providers provide for management of the 
network by implementing network management systems designed to 
manage, provide for growth and ensure optimum performance of the 
network. 

35 Network management systems include at least two layers. The first layer 
is the network manager layer. The network manager layer includes a 
network manager that monitors and controls the configuration of the 
network. The network manager is usually a server and software that 
maintains a logical representation of the state and condition of the network. 
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The network manager provides an interface to the network for users and 
applications wishing to manage the network. 

The second layer of the network is the network element layer. The 
network element layer includes all of the systems and hardware not 
associated with the task of managing the network. Such systems are defined 
as network elements. Examples of network elements are the mobile 
switching center (MSC), call detail adjunct (CDA), home location registry 
(HLR), channel service unit (CSU), customized dial plan (CDP), CDMA 
interconnect subsystem (CIS), etc. The network elements provide the 
functionality and services of the entire network, independent of the 
network manager. 

The network management system is the combination of the network 
manager in the network manager layer and the network elements in the 
network element layer. The network management system implements a set 
15 of procedures, software, equipment and operations designed to keep the 
network operating near maximum efficiency. The goals of network 
management include configuration management, fault location and repair 
management, security management, and performance management. 

Configuration management deals with installing, initializing, loading, 
20 modifying and tracking the configuration parameters and software of 
network elements and their associated software. The network manager 
accomplishes configuration management by downloading configuration 
parameters and software to the network elements. The network manager 
also tracks the configuration of the network by retrieving data indicating the 
25 configuration of the network elements and their associated software. 

Fault location and repair management predicts and diagnoses problems 
with the network and provides a methodology for replacing or rerouting the 
network around the affected network elements. The network manager 
accomplishes fault location and repair management by retrieving fault 
30 information from the network elements in the network element layer. For 
example, the network manager may retrieve the number of severely errored 
seconds (SES) or the frame error rate (FER) from a network element in order 
to locate faults and diagnose problems with the network. If, upon retrieval 
for fault information from the network element layer, the network manager 
35 determines that particular network elements are experiencing degraded 
performance or are inoperative, the network manager may reroute the 
network around the affected elements. The network manager accomplishes 
the rerouting function by downloading additional configuration 
information to the network elements in order to reconfigure the network. 
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Security management allows the network manager to restrict access to 
various resources in the network, thereby giving customers different levels 
of access to different network resources. The network manager 
accomplishes security management by retrieving the current security 
5 information from the network elements and analyzing it. If the access to 
resources in the network is to be changed, the network manager 
accomplishes the change by downloading additional or changed security 
information to the network elements thereby changing the levels of access 
the users have to the network resources. 

10 Performance management provides statistical information about the 

network's operation. This allows the network manager to manage the 
resources of the network to ensure optimum performance. The network 
manager monitors the usage and traffic levels of the network element to 
ensure that the traffic on the network is distributed. Distribution of traffic 

15 among the network elements helps to ensure that the network does not 
experience performance degradation because a few network elements are 
carrying most of the communications load, while other network elements 
are carrying too little. The network manager accomplishes performance 
management by retrieving information pertaining to the traffic loading of 

20 the particular network elements. If the network manager determines that 
the performance of the network would be improved by redistributing the 
network traffic from one set of network elements to another, the network 
manager downloads additional configuration information to the network 
elements, thereby reconfiguring them. 

25 The functions of configuration management, fault location and repair 

management, security management, and performance management are 
usually accomplished by software executing on the network manager and 
network elements. A telecommunications network may contain tens of 
thousands of network elements. A network manager, therefore, may be 

30 managing tens of thousands of elements. As the functionality of the 
network manager and network elements evolve, the software in the 
network management system must change accordingly. The process of 
managing the process of upgrading software on the telecommunications 
network management system is called software version management. 
35 Conventional telecommunication software version management 

processes upgrade network elements first, and then migrate the new 
software from the network elements to the network manager. Usually, the 
network element is loaded with the new software, and the old software is 
kept in place. A command is sent to the network elements to switch the 
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software over from the old version to the new version. In conventional 
software version management systems, the network elements are required 
to store two versions of software while the network management system is 
brought up to the current software version. After the network element and 
5 network manager have been upgraded, the switch to the new software 
version is accomplished by sending a command to the network element and 
switching the network manager. Conventional software version 
management systems, therefore, require that the network element be 
capable of storing and switching between two software versions, adding 

10 expense. In large telecommunications networks, the additional expense is 
multiplied by hundreds of thousands of network elements. 

What is needed, therefore, is a network management software version 
management system and method which is capable of upgrading software in 
a network management system in which the network elements are not 

15 capable of storing and switching between two versions of software. Such a 
system would greatly decrease the cost of implementing and managing the 
network. The software version management system should provide a 
universal software upgrade method that upgrades the network management 
system software with a minimum of channel downtime. 



20 



SUMMARY OF THE INVENTION 



The present invention is directed to software version management in 
telecommunications network management systems. The invention allows 

25 software to be upgraded while network management resources are available, 
without bringing the network management system down for an upgrade. A 
method of software version management is described and claimed for a 
network management system having a network manager and at least one 
network element, wherein the network manager has a plurality of managed 

30 object trees. First, the software version management process identifies a first 
managed object tree having at least one managed object to be upgraded. The 
software version management process creates a second managed object tree 
having at least one managed object by transforming the topology of the 
managed object tree. Next, the software version management process 

35 performs data transformation of the managed object(s) of the second 
managed object tree. The software version management process traverses 
the first managed object tree and builds a list of the managed object(s) of the 
first managed object tree. The software version management process 
identifies a topology transformation rule associated with the managed 



PCT/US98/27390 

WO 99/34557 

5 

object(s) of the first managed object tree. The software version management 
process generates at least one managed object of the second managed object 
tree. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

The features, objects, and advantages of the present invention will 
become more apparent from the detailed description set forth below when 
taken in conjunction with the drawings in which like reference numbers 
10 indicate identical or functionally similar elements. Additionally, the left- 
most digit of a reference number identifies the drawing in which the 
reference number first appears. 

FIG. 1 is a block diagram of an exemplary network management system; 

FIG. 2 is a block diagram illustrating an exemplary network manager; 
15 FIG. 3 is a diagram illustrating the format of a message according to the 

present invention; 

FIG. 4 is a diagram illustrating the format of a message element according 
to the present invention; 

FIG. 5 is a block diagram illustrating an exemplary network element; 
20 FIG. 6 is a diagram illustrating an exemplary managed object tree; 

FIG. 7 is a diagram illustrating an example of topology transformation; 

FIG. 8 is a diagram illustrating an example of containment domain 
managed object trees and operational domain managed object trees; 

FIG. 9 is a flowchart illustrating the process of software version 
25 management; 

FIG. 10 is a flowchart further illustrating the process of topology 
transformation; 

FIG. 11 is a flowchart further illustrating the process of topology 
transformation; and 

30 FIG. 12 is a block diagram illustrating an exemplary computer for 

implementing the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



35 



In the description that follows, the first portion describes the preferred 
environment of the present invention. The second portion describes the 
software version management system. Both of these features comprise 
elements of this invention. 
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FIG. 1 illustrates a network management system 100 which is an 
exemplary environment for the present invention. Network management 
5 system 100 preferably complies with the International Telecommunications 
Union (ITU) telecommunications management network (TMN) standard. 
The TMN standard defines a layered framework for a service provider to 
implement its own network management processes. 

Network management system 100 includes two network management 

10 layers 102 and 104. Layer 102 is designated as the network management layer 
102. Network management layer 102 comprises network manager 106. 
Network manager 106 is logically shown as a single entity. In 
implementation, network manager 106 can comprise one or more sites. For 
example, multiple service centers (not shown) can exist at different parts of 

15 the country (e.g., east coast and west coast). Network manager 106 can also 
be split among services and/or network elements. For example, in one 
embodiment, a first network manager is dedicated to satellite-based 
communications, and a second network manager is dedicated to cell-based 
communications. Generally, the logical entity identified as network 

20 manager 106 is a resource that is accessed by client applications such as users 
and systems wishing to engage network management functions. Client 
applications access network manager 106 by transmitting messages to it and 
receiving messages from it. 

Network management system layer 104 is designated as the network 

25 element layer 104. Network element layer 104 is the physical layer that 
includes the various network elements (e.g., mobile switching center, call 
detail adjunct, home location registry, channel service unit, customized dial 
plan, CDMA inter-connect subsystem, etc.) used in the transport and routing 
of network traffic. Each network element 108a-108n in network element 

30 layer 104 is designated to receive and transmit configuration, fault location, 
security and performance information associated with management of the 
network. In particular, network elements 108a-108n are connected to 
network manager 106 in network management layer 102. The present 
invention is applicable to and contemplates any management information 

35 passed between client applications and the network manager 106, or network 
manager 106 and network elements 108a-108n. 

Although the exemplary environment for the present invention 
describes only two layers, alternative embodiments of network 
management system 100 having a plurality of layers are contemplated by the 
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present invention. For example, network management systems with a 
plurality of network management layers (more than two) or network 
management systems arranged hierarchically are equally suitable to the 
implementation of the present invention. In the case of multiple network 
management system layers, network manager 106 would interact with 
network elements 108a-108n through a plurality of communications 
protocols. Each layer in the network management system would interact 
with the network manager using a different protocol. Alternatively, 
network manager 106 could interact with network elements 108a-108n 
through an intervening network management layer (i.e., network manager 
106 would interact with a first network entity, which in turn would interact 
with a second network entity in a different layer). 

In the preferred embodiment, network management system 100 is a 
message based system. Client applications, such as users, applications or 
systems, interact with network manager 106 by transmitting messages to it. 
The messages usually contain requests or commands and are usually 
packetized. Likewise, network manager 106 communicates with network 
elements 108a-108n by transmitting and receiving similar messages. Such a 
messaging system is said to be asynchronous and transaction based. 
Transaction based systems rely upon messages and responses thereto in 
order to accomplish the management of the network. This is contrasted 
with connection based systems in which connections are established 
between external entities and network manager 106 or between network 
manager 106 and network elements 108a-108n. In asynchronous message 
based systems, such as network management system 100, messages are 
transmitted without acknowledgment from the network system or network 
entity to which the message is transmitted. A network entity is any network 
manager, network element, user or system that originates network 
management messages in the network management system 100. 

FIG. 2 further illustrates network manager 106. The preferred 
embodiment of network manager 106 is a server and software that 
maintains a logical representation of the state and condition of network 
management system 100. Network manager 106 monitors and controls the 
configuration of the network by interacting with network elements 108a- 
108n in network element layer 104. Client applications and other systems 
interact with and manage network elements 108a-108n in network element 
layer 104 through network manager 106. 

Network manager 106 includes subsystem server 202. Subsystem server 
202 is a software process or application that executes on network manager 
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106. Subsystem server 202 provides the interface for network manager 106 to 
all of the network entities, or subsystems, that are not part of the network 
manager 106- In operation, subsystem server 202 is an application running 
on a computer which acts as a clearinghouse for all of the messaging that 
5 goes on within the network management system 100. Subsystem server 202 
provides an environment for the execution of managed objects 204. 
Managed objects 204 are a logical representation of a particular network 
element 108a-108n in the network management layer 102. Network 
manager 106 receives messages from client applications wishing to interact 

10 with or control the network. Network manager 106 passes these messages 
and to subsystem server 202. Subsystem server 202 examines a message 
received from network manager 106 and determines to which managed 
object 204 the message is to be routed. 

Generally, managed objects 204 represent real-world managed network 

15 resources. Managed object class specifications define detailed characteristics 
which instances of that class may exhibit through behavior definitions, 
attributes, and actions. Behavior definitions are textual descriptions which 
describe how the managed object behaves and reacts and possibly how it is 
related to other managed objects. Attribute values represent data associated 

20 with the managed objects or relationships with other objects. Actions are 
operations that may be performed on managed object instances within the 
system. As with any object-oriented system, the concepts of encapsulation 
and data abstraction or inheritance are used. Inheritance, or the sharing of 
characteristics such as data and methods are based on a hierarchial 

25 relationship. 

Managed object 204 comprises body 206 and characteristics 208. 
Characteristics 208 includes attributes 210, actions 212 or both. Body 206 
controls the behavior of the managed object 204. Messages sent or received 
by managed object 204 with the network management system 100 are 

30 processed and generated by body 206. Body 206 receives, parses and 
distributes to characteristics 208 any messages received from network 
management system 100. Likewise, any message to be sent by managed 
object 204 are generated by body 206. Characteristics 208 represent the data 
and functionality that are available at managed object 204 or corresponding 

35 network element 108a-108n. 

Assume, for the purposes of explanation, that managed object 204 
represents a given network element 108a in the network element layer 104. 
The information stored by network element 108a would be represented in 
managed object 204 as characteristics 208. Characteristics 208 represent the 
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information (attributes 210) and functionality (actions 212) available at 
network element 108a. Characteristics 208 include all of the data members of 
the managed object class. In the example managed object of FIG. 2, 
characteristics 208 includes attribute characteristics 210 and action 
5 characteristics 212. For the purposes of explanation, attribute characteristics 
210 and action characteristics 212 will be used interchangeably with attributes 
210 and actions 212, respectively. 

Attributes 210 are the data members in the managed object 204 or 
corresponding network elements 108a-108n available for retrieval and 

10 storage by network manager 106. Network manager 106 sets and retrieves 
attributes 210 by sending and receiving messages from network element 
108a. Actions 212 represent functionality available to network manager 106 
at managed object 204 or corresponding network elements 108a-108n. 
Network manager 106 sends command messages to network elements 108a- 

15 108n, causing the network elements 108a-108n to perform actions, and 
network elements 108a-108n respond with a response message confirming 
the execution of the action. Together, attributes 210 and actions 212 
represent the characteristics 208 of managed object 204. 

Managed objects 204 are not constantly running threads on the subsystem 

20 server. Managed objects 204 only execute, or exist, on subsystem server 202 
when a message for a particular managed object 204 has been received at 
subsystem server 202, and while the managed object 204 is processing the 
message. When managed objects 204 are not active, they are stored on 
persistent store off the subsystem server 202. Examples of persistent store are 

25 magnetic or optical media, rom, or other permanent type storage. Storage of 
the managed objects 204 on persistent store during periods of non-use 
promotes efficient use of network manager resources. If the message 
received by subsystem server 202 is destined for a managed object 204 which 
is not in existence on the subsystem server 202, subsystem server 202 

30 retrieves the desired managed object 204 from persistent store and passes the 
message to it. If the original message received from the external system by 
network manager 106 is directed to more than one managed object 204, 
subsystem server 202 parses the original message into pieces that are 
interpreted and acted upon by individual managed objects 204. 

35 Subsystem server 202 includes at least one managed object 204. Each 
network element 108a-108n in network element layer 104 has an associated 
representative managed object 204 on subsystem server 202. The managed 
objects 204 on network manager 106, therefore, are a logical representation of 
all the network elements 108a-108n in network management layer 102. 
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Managed object 204 represents the attributes and actions available at each 
network element 108a-108n. For example, a managed object 204 will have 
data members corresponding to its exemplary network element 108a 
including the data transmission error rate, number of errored seconds and 
5 number of severely errored seconds of the network element 108a. 

In the example of FIG. 2, only one managed object 204 is shown in 
subsystem server 202. In reality, there are at least as many managed objects 
204 on subsystem server 202 as there are network elements 108a-108n. 
Managed objects 204 provide a logical interface at network manager 106 to 
10 the network element layer 104. The interface provides a means for the 
network manager 106 to communicate with, retrieve data from, and cause 
actions to be performed in the network element layer 104. In addition to 
managed objects 204 representing network elements 108a-108n, additional 
managed objects 204 may reside on subsystem server 202 to represent 
15 management functions available to users, applications and other systems 
interacting with network manager 106. 

The preferred embodiment of the relationship between managed object 
204 and network elements 108a-108n is a managed object tree. Managed 
object trees are tree structures built from individual managed objects 
20 arranged in a hierarchical structure. Features and functionality of network 
element 108a-108n is built up from multiple managed objects 204 resulting 
in the total set of features and functionality encompassed by a network 
element 108a-108n. Details and examples of managed object trees are 
described in more detail in conjunction with FIG. 6, below. 
25 FIG. 3 illustrates the format of an exemplary message 300. Message 300 is 

an example of a message to a managed object 204, transmitted between 
network manager 106 and another network entity, including a user, 
application or system external to network management system 100. The 
format of message 300 is illustrated for the purposes of example. Message 
30 formats different from those described herein would be contemplated by a 
skilled artisan in the field of network management. 

Exemplary message 300 includes header 316 and payload 318. Header 316 
uniquely identifies the particular message and message type. Header 316 
includes object ID (OID) 302, transaction ID (XID) 304, and message type 306. 
35 OID 302 identifies the particular managed object 204 for which message 300 is 
intended. For example, a message 300 intended for, or related to, network 
element 108a would have an OID 302 identifying the managed object 204 
corresponding to a given network element 108a. Each managed object has a 
unique OID 302. in the preferred embodiment, OID 302 is an 80-bit pure 
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number. If managed object 204 were to generate a message for transmission 
to network element 108a, the one-to-one correspondence between managed 
objects 204 and the network elements 108a-108n would allow the address of 
network element 108a to be algorithmically computed directly from OID 302. 
5 XID304 identifies the particular transaction with which message 300 is 

associated. For example, a message from a user external to network 
management system 100 to network manager 106 would have a unique XID 
304. The response message from network manager 106 to the user would 
use the same unique XID 304, or an XID 304 which was algorithmically 

10 determinable from the original XID 304. The XID 304 provides for the 
identification and management of transaction and transaction response 
messages among the entities in network management system 100. Unique 
XIDs 304 guarantee that concurrent messages do not result in corruption of 
the information passed between the network entities during network 

15 management. 

Message type 306 indicates the nature of the operation requested or 
specified by message 300. For example, message 300 may be of message type 
306 indicating a get attribute request. A get attribute request is a request to 
retrieve data members stored by attributes 210. A get attribute message 

20 requests that managed object 204 respond with the value of attributes 210. 
Conversely, message type 306 may specify a set attribute request. A set 
attribute message is a request to set (or reset) the data values of attribute 210. 
Other examples of message types 306 of the preferred embodiment are a 
response to a get message type, a response to a set message type, an action 

25 request message type, a response to an action request message type, create 
and destroy managed object message types, etc. 

An action message type requests that an action be performed at managed 
object 204. Since managed object 204 is a logical representation of network 
element 108a-108n, an action request message usually specifies actions to be 

30 performed at network element 108a-108n. In such cases, managed object 204 
will send an additional action request message to its corresponding network 
element 108a-108n. For example, a lock action message type is provided to 
network management system 100 to bar a particular resource from 
providing a service. The network element specified in the lock action 

35 message is essentially "locked out" in response to a lock action message. An 
unlock action message type results in a locked network element or resource 
becoming "unlocked/' Responses to action requests are usually action status 
messages. An action status message is a response to an action request 
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message and indicates that the action request was completed or was not 
completed. 

Create and destroy message types create and destroy managed objects 204 
on network manager 106. Managed objects 204 are created and destroyed on 
network manager 106 in order perform the process of software version 
management. New managed objects are created to implement new software 
functionality, and old managed objects are destroyed to remove redundant 
or outdated software. For example, if network element 108a is added to 
network element layer 104, a corresponding managed object 204 must be 
created with a managed object create message on network manager 106. 
Managed objects 204 on network manger 106 are also created and destroyed 
to implement and remove additional functionality at the network 
management layer 102. The create managed object message is sent from the 
client external to network manager 106 to create managed object 204. 
Alternatively, part of the initialization process of the network element 108a 
may send a create managed object message to network manager 106. If 
network element 108a is removed from network element layer 104, the 
corresponding managed object in network management 106 is removed 
with a destroy managed object message type. 

Message 300 further includes payload 318 comprising identifier (ID) and 
data 308a-308n. Payload 318 identifies the particular characteristics 208 by 
which message 300 is to be implemented. ID and data 308a-308n are used by 
body 206 to generate message element 400 as described below. For example, 
when managed object 204 receives a set attribute message, message 300 will 
change data value(s) in attributes 210. 

ID information in ID and data 308a-308n identifies the particular 
characteristic 208 to which the message 300 is directed. For example, suppose 
message 300 is received by network manager 106. OID 302 identifies the 
particular managed object 204 to which message 300 is to be routed. Message 
300 is routed by subsystem server 202 to managed object 204. Managed object 
204 receives message 300. Body 206 of managed object 204 examines ID and 
data information 308a-308n of payload 318. Body 206 parses message 300 
into smaller "message elements" to be passed to characteristics 208. Message 
type 306 of header 316 and ID and data 308a-308n of payload 318 are passed to 
characteristic 208 corresponding to ID in ID and data 308a-308n of payload 
318. 

FIG. 4 illustrates the format of an exemplary message element 400. 
Message element 400 represents the information transferred between body 
206 of managed object 204 and characteristics 208. Body 206 receives message 



WO 99/34557 PCT/US98/27390 

13 

300 and parses it into at least one message element 400. Message element 400 
includes an internal ID 402, message type 306 and data 404. Internal ID 402 is 
determined from ID information in ID and data fields 308a-308n of payload 
318. Internal ID 402 identifies the particular data member in characteristics 
5 208. For example, internal ID 402 may identify attribute characteristic 210, 
and an associated data value within attribute characteristic 210. The data 
value within attribute 210 may represent a feature, or a function in the 
network element 108a-108n associated with managed object 204. 

Internal ID 402 targets message element 400 for a particular data member 

10 within a particular attribute 210 or action 212 in characteristics 208. Message 
type 306 within message element 400 is copied from message type 306 within 
message 300. Message type 306 within message element 400 identifies the 
type of request or command associated with message element 400. For 
example, message type 306 may identify message element 400 as a get 

15 attribute message. In such an example, body 206 would route message 
element 400 to attribute characteristic 210. In the case of a get message 
element, the data field of the message element would contain no data (the 
data is to be retrieved). Internal ID 402 identifies the particular data member 
within attribute 210 that the get message element is requesting. 

20 Attribute characteristic 210 responds to the get message element by 

generating a response message element including the values of the data 
members identified by internal ID 402 in attribute characteristic 210. The 
response message element is sent to body 206 of managed object 204. The 
response message element includes a message type 306 of get response, 

25 indicating that the response message element is a response to a get type 
message element. Internal ID 402 of the response message element 400 is 
unchanged, thereby identifying the response message element 400 to body 
206 as a response to the original get type message element 400. In an 
alternative embodiment, internal ID 402 of the response message element 

30 may be algorithmically determined from the get attribute message element 
Internal ID 402. 

FIGS 3. and 4 illustrate exemplary embodiments of message 300 and 
message element 400. It should be noted, however, that one of the features 
of the present invention is the flexibility with which messaging systems, or 
35 protocols, can be accommodated. If, for example, the network management 
system 100 includes a plurality of hierarchical levels, the protocol of the 
messages and message elements can be changed to accommodate the nature 
of the network entities that will be receiving the messages. 
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Characteristics 208 on managed object 204 determine the nature of the 
messages to be sent from managed object 204 to network elements 108a-108n. 
For example, if managed object 204 receives a get attribute request message, 
the message is parsed into message elements 400 and passed to the 
5 appropriate attribute 210 in managed object 204. If attribute 210 is associated 
with particular data values stored by network element 108a, managed object 
204 must send a get attribute request message to network element 108a in 
order to retrieve the data associated with the get attribute request message 
received by managed object 204. 
10 Network element 108a receives the get attribute request message from 
network manager 106 and responds by sending a get attribute response 
message containing the data requested to network manager 106. The get 
attribute response message is passed to managed object 204, where the get 
response attribute response message is parsed into message elements 400 as 
15 described above. Attribute characteristic 210 is updated with the data 404 in 
message element 400 from network element 108a. After attribute 
characteristic 210 is updated with data 404 from message element 400, 
attribute characteristic 210 sends a response message element to body 206. 
Body 206 translates the response message element into a message containing 
20 the data to be sent to the requesting client application. 

FIG. 5 further illustrates an exemplary network element 108a. Network 
element 108a comprises managed object 502 which in turn comprises body 
504 and characteristics 506. Characteristics 506 includes attributes 508, actions 
510 or both. Body 504 controls the behavior of the managed object 502. 
25 Messages sent or received by managed object 502 to network management 
system 100 are processed and generated by body 206. Body 206 receives, 
parses and distributes to characteristics 208 any messages received from 
network management system 100. Likewise, any message sent by managed 
object 502 is generated by body 504. Characteristics 506 represent the data and 
30 functionality that is available at network element 108a-108n. 

Managed object 502 interacts with the hardware of network element 108a. 
For example, message 300 is received from network manager 106 at network 
element 108a. OID 302 identifies the particular network element 108a and 
managed object 502 to which message 300 is directed. Managed object 502 
35 parses received message 300 into message elements 400, at body 504. 
Characteristics 506 respond to received message element 400 passed to them 
by body 504 by executing an action at the network element (e.g., switching a 
digital cross-connect, changing the configuration of the network element, 
etc.) or setting data attributes 508 with the data 404 in message 400. 
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Alternatively, message 300 received at network element 108a may request 
information owned by network element 108a. In such instances, managed 
object 502 will formulate a response message 300 and transmit it over the 
network to network manager 106. 

5 

Software Versioning 

Upgrading is the process of changing from an older first software version 
to a newer second software version at network manager 106. Usually, the 

10 need for an upgrade to the software on network manager 106 is driven by 
changes in the hardware or software configuration of network elements 
108a-108n themselves. In such a case, the interface that network elements 
108a-108n present to network manager 106 changes. This change in network 
element interface necessitates a version change in software at network 

15 manager 106, as well as a change in software at network elements 108a-108n. 
In the present invention, the procedure for upgrading software on network 
manager 106 is to first upgrade the network manager 106 software, and then 
upgrade the network elements 108a-108n. This method of upgrading the 
software on network management system 100 is referred to as "top-down." 

20 The software version management process of the present invention is 

top-down. The top-down software version management process upgrades 
the network manager first, and needs to support two versions of software, 
while the network elements are being upgraded. At any point in time 
during an upgrade, some network elements will be running the old software 

25 version and some network elements will be running new software version. 
After the upgrade, all of the subsystems running the old software version 
have been upgraded to the new software version. After the network 
manager has been upgraded, the network manager migrates the network 
elements from the old software version to the new software version one by 

30 one. After the network manager has upgraded all of the network elements, 
the upgrade is complete. 

Network element upgrade is the process of moving a particular network 
element from an older first software version to a newer second software 
version. In the preferred embodiment, network element upgrade is only 

35 completed after a successful upgrade of network manager 106. Alternative 
embodiments, however, contemplate concurrent upgrade of the software of 
network manager 106 and network elements 108a-108n. Alternatively, the 
network element software may be upgraded prior to the completion of the 
upgrade of the network manager software. 
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After each of the network elements 108a-108n has been upgraded to the 
new software version, the upgrade is complete. At any point in time during 
an upgrade, some network elements 108a-108n will be running the old 
software version and some network elements 108a-108n will be running the 
new software version. After the upgrade, all of the network elements which 
required an upgrade will be running the new software version. 

FIG. 6 illustrates the preferred embodiment of a managed object tree 600. 
Managed object tree 600 is a hierarchial structure of managed objects 602a- 
602n. In the preferred embodiment, each network element 108a-108n has an 
associated managed object tree 600. Each managed object tree 600 on a 
network element 108a-108n has a corresponding managed object tree 600 on 
network manager 106. Network element 108a-108n functionality is built 
into the hierarchial structure of managed object tree 600. In the case of a 
managed object tree 600 associated with network element 108a-108n, 
managed objects 602a-602n represent network element functionality and 
features of each network element 108a-108n with which they are associated. 
Managed objects 602a-602n are arranged in a parent-child relationship. 
Parent-child relationships define the hierarchical structure of managed 
object tree 600. For example, managed objects 602d and 602e are children of 
managed object 602b. Each of child managed objects 602d, 602e of managed 
object 602b has associated functionality and features subordinate to 
functionality and features of parent managed object 602b. 

For example, network element 108a may contain a shelf of 
telecommunications circuit packs. Managed object tree 600 associated with 
network element 108a is arranged in a hierarchial structure of managed 
objects 602a-602n representing the functionality, component parts and 
features of network element 108a. Managed object 602a, or the "root" 
managed object, identifies managed object tree 600 as being associated with 
network element 108a. 

In such an example, child managed object 602b may represent a particular 
shelf of network element 108a. Managed object 602b defines the parameters 
and functionality of the particular shelf with which it is associated. 
Managed objects 602d and 602e are children of shelf managed object 602b. 
Managed objects 602d and 602e may represent circuit packs on the shelf 
represented by managed object 602b. Managed object 602d may represent 
single or multiple circuit packs of a particular kind. Managed object 602e 
may represent single or multiple circuit packs, of a type the same or different 
from managed object 602d. Each telecommunications circuit pack on the 
shelf would be associated with a child managed object of managed object 
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602b. In the instant example, root managed object 602a identifies managed 
object tree 600 and provides the base functionality of the managed object 
tree. Root managed object 602a identifies the particular network element 
108a-108n with which managed object tree 600 is associated. Root managed 
5 object 602a is the "parent" of managed objects 602b-602n in managed object 
tree 600. 

The preferred embodiment of the present invention comprises a naming 
convention to identify and position managed objects 602a-602n in managed 
object tree 600. The naming convention is a scheme to uniquely identify the 

10 managed objects of network management system 100. The preferred 
embodiment of the naming convention is the Object ID (OID) 302. Each 
managed object has an associated OID 302. In the preferred embodiment, the 
upper 8-bits of OID 302 identify the particular network element with which a 
managed object is associated. All of managed objects 602a-602n necessarily 

15 have the same upper 8-bits of OID 302 which identify the particular network 
element 108a-108n associated with managed object tree 600. The upper 8-bits 
of the OID 302 is referred to as the agent ID. The agent IDs of managed 
objects 602a-602n are the same. 

OID 302 also comprises the fixed domain name (FDN). The FDN has a 

20 class identifier, version identifier, and name. The class identifier identifies 
the class to which a particular managed object belongs. As is known in the 
art, an object class is a template for defining the methods and variables for a 
particular type of managed object. All managed objects of a given class are 
identical, or extremely similar in form and behavior but contain different 

25 data in their variables. The version identifier identifies the software version 
of the managed object. The name is an instance variable that stores a unique 
value to identify the particular instance of the class represented by the 
managed object. When a managed object is upgraded from one version to 
another, the class identifier will not change if the managed object has not 

30 changed in functionality (i.e., the managed object is an instantiation of the 
same class). If the managed object has changed in functionality, the class 
will change to denote a change in the managed object itself. From one 
version to another, the version identifier will change to denote that the 
managed object is at a different software version. The new version of the 

35 managed object tree 600 also has a new, unique agent ID. The new agent ID 
identifies the upgraded managed object tree 600 as the new managed object 
tree. The new and old agent IDs make switching over from the old managed 
object tree to the new managed object tree possible. From one version to 
another, each of the managed objects 602a-602n in a managed object tree 600 
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will acquire new names which uniquely identify those particular managed 
objects. 

The FDN of the preferred embodiment also defines a complete path to 
managed objects 602a-602n in managed object tree 600 from the top of 
managed object (or root) tree 600 to the managed object's position. For 
example, managed object tree 600 of FIG. 6, comprises managed objects 602a- 
602n, each of which has a fully distinguished name. For the purposes of 
explanation, each of the managed objects of FIGs. 6-8 is labeled with its class 
(upper case letters of the alphabet), and its name (lower case version of its 
class). 

An exemplary fully distinguished name for root managed object 602a is 
"Root-l-root." "Root" in "Root-l-root" identifies managed object 602a as 
belonging to class Root. The "1" in "Root-l-root" identifies managed object 
602a as software version 1. The "root" in "Root-l-root" identifies managed 
object 602a as having the name "root." Since managed object 602a, "Root-l- 
root" is not a child of any other managed object, "Root-l-root" is its 
complete FDN. 

In the example of FIG. 6, managed object 602b has an FDN expressed as 
"Root-l-root:A-l-a." "A" is the class, "1" is the version and "a" is the name 
of managed object 602b. The class, version and name of managed object 602b 
is prefaced by the "path" of managed objects traversed to the position of 
managed object 602b. Since managed object 602b is a child only of managed 
object 602a, only managed object 602a is included in the path. Similarly, the 
FDN path expressions for managed objects 602c-602f are as follows: "Root-1- 
root:B-l-b;" "Root-l-roofcA-l-a:C-l-c;" "Root-l-root:A-l-a:D-l-d;" "Root-1- 
root:A-l-a:C-l-c:E-l-e;" and "Root-l-root:A-l-a:C-l-c:F-l-f," respectively. 

FDN regular expressions (FDNREs) are expressions formed from FDNs. 
FDNREs are evaluated to select managed objects that satisfy the FDNRE. 
FDNREs are evaluated by network manager 106 to determine the particular 
managed objects 602a-602n identified by the FDNRE. For example, "Root-1- 
root:A-l-a:*" selects all of the child managed objects of 602b, namely 602d, 
602f, and 602n. FDNREs are useful in the creation of expressions which 
evaluate out to entire managed object trees, or children of managed objects. 

FIG. 7 illustrates an example of managed object tree topology 
transformation. Topology is the arrangement of managed objects in a 
managed object tree. topology transformation is the process of 
transforming one managed object tree topology to another. In software 
version management, old software version managed object tree 702 is 
transformed into new software version managed object tree 704. After 
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migration, two copies of managed object tree 702 exist on network manager 
106. Topology transformation transforms the copy of managed object tree 
702 into managed object tree 704. The exemplary managed object trees 702, 
704 of FIG. 7 represent different software versions of managed object trees 
5 702, 704 associated with the same network element. 

Network manager 106 contains two domains, the containment domain 
and operational domain. The containment domain stores active data 
defining rules by which managed objects in network manager 106 can form 
parent-child relationships. The containment domain and operational 

10 domain are logical divisions of subsystem server 202. The preferred 
embodiment of the active data in the containment domain is managed 
objects. The operational domain is a domain in which the managed objects 
are system software on network manager 106 associated with network 
elements 108a-108n. The containment domain, therefore, establishes the 

15 rules by which operational domain managed objects are organized. 

Before the upgrade procedure can be performed, the network manager 
106 must be primed with new and old containment hierarchies. The active 
data is stored in the containment domain as managed objects. The 
containment domain, therefore, establishes the rules by which managed 

20 objects on network manager 106 are organized. The containment domain 
rules are established specifications for particular software versions. For 
example, a containment domain managed object may specify that circuit 
pack managed objects may not have shelf managed object children. 

FIG. 8 will be used in conjunction with FIGs. 9-11 to explain the software 

25 versioning process. FIG. 8 illustrates containment domain 802 and 
operational domain 804. Both domains include managed object trees 806, 
810, 814 and 818. Containment domain 802 comprises managed object trees 
806 and 808 and operational domain 804 comprises managed object trees 814 
and 818. Managed object trees 806 and 810 are referred to as containment 

30 domain trees and managed object trees 814 and 818 are referred to as 
operational domain trees. 

Containment domain 802 manages operational domain 804. 
Containment domain trees 806 and 810 comprise managed objects 808a-808n 
and 812a-812n, respectively, which stipulate the topology of operational 

35 domain trees 814, 818 in operational domain 804. This relationship is 
illustrated by the arrows drawn between managed object tree 806 and 814, 
and the arrow between managed object tree 810 and managed object tree 818. 
Containment domain managed object trees 806, 810 are specified and defined 
for the network management system 100 for each release of software. 
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Containment domain managed object trees 806, 810 provide the specification 
for "legal" combinations of managed objects in managed object trees in the 
system. Each new software version includes new containment domain 
managed object trees defining new combinations of managed objects for new 
configurations of operational domain managed object trees. A containment 
domain managed object tree may specify the topology for a plurality of 
operational domain managed object trees. 

Furthermore, each managed object in containment domain 802 may be 
associated with multiple managed objects in operational domain 804 because 
a managed object in containment domain 802 specifies the rules for 
instantiation of managed objects in operational domain 804. FIG. 8 
illustrates one such relationship. Containment domain managed object 
808n specifies the rules for instantiation of managed objects of class "F." 
Managed object tree 814 in operational domain 804 has two managed objects 
816g and 816n of class "F." One containment domain managed object 808n, 
therefore, is associated with two operational domain managed objects 816g, 
816n. 

Managed object tree 806 includes the rules of construction for operational 
domain tree 814. The rules of containment domain managed object tree 806 
specify "legal" parent-child relationships for the managed object trees in the 
operational domain. The managed objects 808a-808n of managed object tree 
806 specify the number and type of legal combinations of managed objects in 
operational domain managed object tree 814. These containment domain 
managed object rules specify, for example, cardinality, class, type, and parent- 
child relationships of operational domain managed objects 816a-816n. Two 
versions of software are represented by managed object trees 806, 810, 814 
and 818. Managed object trees 806 and 814 represent an older, first software 
version, and managed object trees 810 and 818 represent a newer, second 
software version. In the example of FIG. 8, each of operational domain 804 
managed object trees 814, 818 represents the same network element in 
network element layer 104. Since the managed object tree pairs of FIG. 8 
represent the same network element, both managed object trees 806, 810 in 
containment domain 802 have the same agent ID. 

There are several major steps to software versioning. The first step is 
loading new containment domain managed object tree 810 into 
containment domain 802. Containment domain managed object tree 810 is 
provided by a user or software application external to network manager 106. 
Containment domain managed object tree 810 specifies the valid 
hierarchical structure managed object tree 818. Next, the process of topology 
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transformation creates new operational domain managed object tree 818. To 
create the new managed object tree 818, operational domain managed object 
tree 814 is processed by a set of topology transformation rules, resulting in 
new software version managed object tree 818. After new software version 
5 managed object tree 818 has been created, the data contained in each of 
managed objects 820a-820n is evolved. After the data is evolved, the new 
operational domain managed object tree 818 is complete. Software is then 
migrated to the associated network elements 108a-108n. 

After the data has been evolved from old managed object tree 814 to new 

10 managed object tree 818, network manager 106 downloads the new software 
to the associated network elements. Network manager 106 then uncouples 
old managed object tree 814 from network element 108a and recouples new 
managed object tree 818 to network element 108a. After network element 
108a has been recoupled, the software versioning process is complete. 

15 The process of software versioning requires a number of inputs. The first 

input is the new software version containment domain managed object tree 
810. Another input is the topology transformation rule base. The topology 
transformation rule base is a file, preferably a database, containing a set of 
conditional operators which govern the creation and destruction of 

20 managed objects during topology transformation. The topology 
transformation rule base is a set of operators, each associated with the 
creation or deletion of managed objects in managed object trees. 

The last input is the data evolution rule base. The data evolution rule 
base is a file, preferably a database, of functions for each managed object 816a- 

25 816n that requires data transformation. Topology transformation results in 
a new managed object tree. The managed objects in the new managed object 
tree, however, may require upgrading individually if their data structure has 
changed from the old software version to the new software version. A data 
evolution function is essentially a script that performs data transformation 

30 on a managed object. Each managed object 816a-816n that requires data 
evolution from the old software to the new will have an associated data 
evolution function. An additional input into the process of software 
versioning is the operational domain managed object tree 814 corresponding 
to the old software version. 

35 FIG. 8 illustrates old operational domain managed object tree 814 and 

new operational domain managed object tree 818. The following seven 
FDN statements describe the topology transformation of managed object tree 
814 into managed object tree 818: 
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Root-l-root _ Root-2-root; (1) 

Root-l-root:A-l-a _ Root-2-root:A-2-a; (2) 

Root-l-root:B-l-b _ Root-2-root:B-2-b; (3) 

Root-l-root:A-l-a:C-l-c _ Root-2-root:B-2-b:C-2-c; (4) 

5 Root-l-root:A-l-a:C-l-c:E-l-e _ Root-2-root:B-2-b:C-2-c:E-2-e; (5) 

Root-l-root:A-l-a:C-l-c:F-l-f _ Root-2-root:B-2-b:C-2-c:F-2-f; (6) 
Null _ Root-2-root:B-2-b:C-2-c:G-2-g. (7) 

The portion of the FDN statements to the left of the "_" is the FDN for 
10 managed objects 816a-816n in the old software version managed object tree 
814. The "_" represents a topology transformation rule, and the portion of 
the statement to the right of the "_" is a new FDN for the resultant managed 
object(s) in the new software version managed object tree. FDN statements 
1-7 are examples of the types of statement adapted for topology 
15 transformation from one software version to another. 

In the example FDN statements 1-7 above, the FDN for managed objects 
816a-816n identifies a particular managed object 816a-816n and its location in 
managed object tree 814. 

The topology transformation rule transforms the particular managed 
20 object 816a-818n into managed object 820a-820n specified by the FDN for 
managed objects 820a-820n. The FDNs for new managed objects 820a-820n 
are specified by the topology transformation rule associated with the FDN 
for each old managed object 816a-816n. Essentially, each of managed objects 
816a-816n is selected, looked up in the topology transformation rule base and 
25 transformed per the topology transformation rule and FDN(s) specified. 

The topology transformation rule base comprises four main types of 
topology transformation rules. A type one topology transformation rule 
handles the transformation of a managed object that is deleted from one 
version to another. For example, during topology transformation a 
30 managed object may be deleted if it is no longer supported in the new 
software version. Such a managed object would be deleted during topology 
transformation. 

A type two topology transformation rule transforms a single managed 
object into more than one managed object in the new managed object tree. 
35 In such a case, a single managed object in an operational domain managed 
object tree becomes a plurality of managed objects during topology 
transformation. A single managed object representing a plurality of circuit 
packs in the old software version, and a managed object for each circuit pack 
in the new software version is an example of such a transformation. If a 
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managed object tree in the old version has a single managed object 
representing a plurality of circuit packs, the new managed object tree will 
have a plurality of managed objects representing the circuit packs in the 
managed object tree. 

5 A type three topology transformation rule creates a managed object 

which does not exist in the old software version and has to be created in the 
new managed object tree. New managed object types, network element 
functionality or configuration may require the instantiation of new 
managed objects. 

10 A type four topology transformation rule transforms a plurality of 

managed objects into one. An example of such a case is the reverse of the 
circuit pack example above. If a managed object tree in the old version has a 
managed object representing individual circuit packs, the new managed 
object tree will have a single managed object representing a plurality of 

15 circuit packs. The plurality of managed objects representing individual 
circuit packs will be coalesced into a single managed object representing a 
plurality of circuit packs. 

The FDN statements establish the topological transformation from old 
managed object tree 814 to new managed object tree 818. The default FDN 

20 statement for each of the managed objects is that they occupy their same 
topological position in the new managed object tree 1104. If the topology 
transformation rule base does not specify particular positions in the new 
managed object tree 818 for the old managed objects 816a-816n, the new 
managed objects 820a - 820n are placed in the same position as they occupy 

25 in old managed object tree 814. Only those managed object topologies that 
have changed need be specified in the topology transformation rule base. 
This system of default rules for topological transformation of managed 
object trees expedites the topological transformation of managed object trees 
from one version to another. 

30 FIG. 9 illustrates an overview of the software versioning process. FIG. 9 

will be explained in terms of the managed objects and managed object trees 
806, 810, 814 and 818 of FIG. 8. Step 902 determines the FDN of the managed 
object 816a-816n to be upgraded from a first software version to a second 
software version. The FDN may be specified by the user, a control program 

35 or other initialization means. The FDN may be specified directly, or 
calculated from the agent ID of a network element to be upgraded. 

Although the process of the present invention is described in terms of 
upgrading the managed object software for single managed object, or 
managed object tree, the present invention may be extended to upgrading 
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managed object software for multiple network elements concurrently. 
Similarly, the present invention contemplates upgrading individual 
managed objects and managed object trees, multiple managed objects and 
managed object trees, and supporting multiple software versions at network 
elements 108a-108n and network manager 106. Step 904 identifies the 
managed object tree 814 associated with the FDN identified in step 902. For 
example, if the FDN determined in step 902 is "Root-l-root:A-l-a:C-l-c:F-l-f" 
which is associated with managed object 816g, step 904 identifies managed 
object tree 814. 

Step 906 performs the topology transformation of managed object tree 
814. Step 906 traverses managed object tree 814, and builds a list of FDNs 
associated with managed objects 816a-816n. In a preferred embodiment, an 
FDNRE associated with managed object tree 814 is evaluated to yield the list 
of managed objects 816a-816n. Each of the FDNs are used to search the 
15 topology transformation rule base for topology transformation rules 
associated with managed objects 816a-816n. 

Step 908 validates new managed object tree 818 topology. Containment 
domain managed object trees 806, 810 provide the specification for "legal" 
combinations of managed objects in managed object trees in the system. 
20 Step 908 checks the topology of managed object tree 818 against containment 
domain managed object tree 810 to verify that the new topology is valid. If 
step 908 determines that managed object tree 818 has an invalid topology, an 
error is raised, and the software version management process is stopped. 
Step 910 performs data transformation for each of managed objects 820a- 
25 820n of managed object tree 818. Data transformation is the process of 
transforming the data contained in managed objects 820a-820n from the old 
software version to the new software version. Topology transformation 
builds new managed object tree 818, but managed objects 820a-820n have not 
changed. Data transformation provides for changes to the data contained in 
30 managed object 820a-820n. 

Data transformation is performed by data transformation rules stored in 
a data transformation file, preferable a database. Data transformation rules 
are functions defined by a user or other outside source that transform the 
data members of managed objects. The data transformation rule base is 
35 searched for each of the managed objects 820a-820n in managed object tree 
818. If a data transformation rule is found, the function is performed, 
thereby transforming the data members of the particular managed object. 

After step 910, managed object tree 818 is ready for implementation at 
network element layer 104. Step 912 uncouples network element 108a-108n 
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from its associated managed object tree 814 and couples it to managed object 
tree 818. After network element 108a-108n has been recoupled to new 
managed object tree 818, the upgrade process for the instant network 
element is completed. 
5 FIG. 10 further illustrates step 906, topology transformation of managed 

object tree 814. The process of step 906 begins at step 1002. Step 1002 
retrieves or creates a new FDNRE for new software version managed object 
tree 818. The new FDNRE may be specified by an outside user or a software 
upgrade procedure. In an alternative embodiment, the new FDNRE is 

10 specified by the topology transformation rule associated with root managed 
object 816a. The new FDNRE identifies new managed object tree 818. 

Step 1004 traverses old software version managed object tree 814 and 
builds a list of managed objects 816a-816n. Step 1004 evaluates an FDNRE 
identifying managed object tree 814 and its associated managed objects 816a- 

15 816n. The FDNRE evaluated in step 1004 identifies the managed object tree 
814 for upgrading. Step 1004 builds a list of all managed objects 816a-816n 
and their associated FDNs. Step 1006 sorts the managed object list built in 
step 1004 to ensure parent/child relationships. The managed object list is 
sorted because the order of managed objects 816a-816n in the list determines 

20 the order in which new software version managed object tree 818 is built. 

Step 1008 searches the topology transformation rule base to find a 
topology transformation rule associated with each FDN in the object list 
from step 1006. The topology transformation rule specifies the particular 
process by which the managed object from the old software version 

25 managed object tree will be transformed. The four types of topology 
transformation rules are described above. 

Step 1010 performs the process of topology transformation by processing 
the list of managed object FDNs and their associated topology 
transformation rules. Step 1010 is further explained in conjunction with 

30 FIG. 11 below. Step 1010 results in new software version managed object tree 
818. 

Step 1012 determines if all managed objects in new software version 
managed object tree 818 were created successfully. This check can be 
performed in a number of ways, examples of which are log files built during 
35 the topology transformation process or error files built during the 
evaluation of topology transformation rules. If step 1012 determines that 
not all managed objects were created successfully, step 1014 deletes the new 
managed object tree and returns an error to the user. If step 1012 determines 
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that all managed objects were created successfully, the process of step 906 
continues at step 910. 

FIG. 11 further illustrates step 1010, the process of topology 
transformation by processing the list of managed object FDNs and their 
5 associated topology transformation rules. Although FIG. 11 illustrates 
topology transformation for a single managed object and its associated FDN, 
the process of FIG. 11 is repeated for each of the managed objects 816a-816n 
in managed object tree 814. The preferred embodiment of the present 
invention is to process all of the managed objects 816a-816n in the list 
10 generated in step 1006. 

The process of topology transformation begins at step 1102. Step 1102 
receives the rule associated with the FDN for the current managed object. 
Each of the FDNs for the managed objects determined in step 1006 are 
processed in the topology transformation steps 1102-1126 of FIG. 11. Each of 
15 the managed objects and associated FDNs determined in step 1006 are 
processed by their associated rule from the topology transformation rule base 
in the process of FIG. 11. Step 1104 determines if the rule associated with the 
instant managed object is a type one rule. A type one rule indicates that a 
managed object that exists in managed object tree 814 does not exist in 
20 managed object tree 818. The managed object, therefore, is not created in the 
new managed object tree. If step 1104 determines that the topology 
transformation rule is a type one rule, the managed object is not created in 
the new managed object tree at step 1106. After step 1106, the process of step 
1010 terminates at step 1128. If step 1104 determines that the rule is not a 
25 type one rule, the process of step 1010 continues at step 1108. 

Step 1108 determines if the topology transformation rule is a type two 
topology transformation rule. A type two topology transformation rule 
transforms a single managed object into more than one managed object in 
the new managed object tree. If step 1108 determines that the rule is a type 
30 two rule, the process of step 1010 continues at step 1110. Step 1110 creates the 
new managed objects in the new managed object tree. The number of new 
managed objects created in the new managed object tree corresponds to the 
list of new FDNs specified by the type two rule in the topology 
transformation rule base. After step 1110 creates the new managed object in 
35 the new managed object tree, the process of step 1010 terminates at step 1128. 
If step 1108 determines that the rule is not a type two rule, the process of step 
1010 continues at step 1112. 

Step 1112 determines if the topology transformation rule is a type four 
topology transformation rule. A type four topology transformation rule 
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transforms a plurality of managed objects into one. If the topology 
transformation rule is a type four rule, step 1114 determines whether a new 
managed object in managed object tree 818 already exists that is associated 
with the FDN of the old software version managed object. If step 1114 
5 determines that the managed object exists in the new software version 
managed object tree 818, the process continues to step 1120 and a new 
managed object is not created in managed object tree 818. If step 1114 
determines that the managed object does not yet exist in managed object tree 
818, step 1116 creates a new managed object in managed object tree 818. After 

10 step 1116 the process terminates at step 1128. 

Step 1118 searches the topology transformation rule base for type three 
rules associated with new software version managed object tree 818. A type 
three topology transformation rule creates a managed object which does not 
exist in the old software version and has to be created in the new managed 

15 object tree. Since the managed objects do not exist in managed object tree 
814, there are no old managed object FDNs associated with type three rules. 
Step 1122 determines whether step 1118 found a type three rule associated 
with the current managed object tree. If step 1122 determines that a type 
three rule for the current managed object tree has been found, step 1124 

20 creates a new managed object in managed object tree 818. Step 1124 creates 
the new managed object with an FDN specified by the type three rule in the 
topology transformation rule base. If step 1122 does not find a type three 
rule, the process of step 1010 continues at step 1126. 

Step 1126 indicates that no topology transformation rules associated with 

25 the old software version managed object FDN were found in the topology 
transformation rule base. When no topology transformation rules are 
associated with a managed object in managed object tree 814, software 
version management uses the default rule to create a managed object of the 
same type in the new managed object tree. The default rule of step 1126 

30 creates a new managed object of the same type and child-parent relationship 
as the managed object in the old software version managed object tree. 

The default rule of step 1126 allows a minimum number of topology 
transformation rules to be stored in the topology transformation rule base. 
Since rules are only added to the topology transformation rule base when 

35 the topology of a managed object tree has changed, software versions 
without extensive changes to previous software versions are stored in a 
minimal amount of space in the topology transformation rule base. 

The present invention may be implemented using hardware, software or 
a combination thereof and may be implemented in a computer system or 
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other processing system. In fact, in one embodiment, the invention is 
directed toward a computer system capable of carrying out the functionality 
described herein. An example computer system 1201 is shown in FIG. 12. 
The computer system 1201 includes one or more processors, such as 
processor 1204. The processor 1204 is connected to a communication bus 
1202. Various software embodiments are described in terms of this example 
computer system. After reading this description, it will become apparent to 
a person skilled in the relevant art how to implement the invention using 
other computer systems and /or computer architectures. 

Computer system 1202 also includes a main memory 1206, preferably 
random access memory (RAM), and can also include a secondary memory 
1208. The secondary memory 1208 can include, for example, a hard disk 
drive 1210 and/or a removable storage drive 1212, representing a floppy disk 
drive, a magnetic tape drive, an optical disk drive, etc. The removable 
15 storage drive 1212 reads from and/or writes to a removable storage unit 1214 
in a well known manner. Removable storage unit 1214, represents a floppy 
disk, magnetic tape, optical disk, etc. which is read by and written to by 
removable storage drive 1212. As will be appreciated, the removable storage 
unit 1214 includes a computer usable storage medium having stored therein 
20 computer software and /or data. 

In alternative embodiments, secondary memory 1208 may include other 
similar means for allowing computer programs or other instructions to be 
loaded into computer system 1201. Such means can include, for example, a 
removable storage unit 1222 and an interface 1220. Examples of such can 
25 include a program cartridge and cartridge interface (such as that found in 
video game devices), a removable memory chip (such as an EPROM, or 
PROM) and associated socket, and other removable storage units 1222 and 
interfaces 1220 which allow software and data to be transferred from the 
removable storage unit 1222 to computer system 1201. 
30 Computer system 1201 can also include a communications interface 1224. 
Communications interface 1224 allows software and data to be transferred 
between computer system 1201 and external devices. Examples of 
communications interface 1224 can include a modem, a network interface 
(such as an Ethernet card), a communications port, a PCMCIA slot and card, 
35 etc. Software and data transferred via communications interface 1224 are in 
the form of signals which can be electronic, electromagnetic, optical or other 
signals capable of being received by communications interface 1224. These 
signals 1226 are provided to communications interface via a channel 1228. 
This channel 1228 carries signals 1226 and can be implemented using wire or 
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cable, fiber optics, a phone line, a cellular phone link, an RF link and other 
communications channels. 

In this document, the terms "computer program medium" and 
"computer usable medium" are used to generally refer to media such as 
5 removable storage device 1212, a hard disk installed in hard disk drive 1210, 
and signals 1226. These computer program products are means for 
providing software to computer system 1201. 

Computer programs (also called computer control logic) are stored in 
main memory 1206 and /or secondary memory 1208. Computer programs 
10 can also be received via communications interface 1224. Such computer 
programs, when executed, enable the computer system 1201 to perform the 
features of the present invention as discussed herein. In particular, the 
computer programs, when executed, enable the processor 1204 to perform 
the features of the present invention. Accordingly, such computer programs 
15 represent controllers of the computer system 1201. 

In an embodiment where the invention is implemented using software, 
the software may be stored in a computer program product and loaded into 
computer system 1201 using removable storage drive 1212, hard drive 1210 
or communications interface 1224. The control logic (software), when 
20 executed by the processor 1204, causes the processor 1204 to perform the 
functions of the invention as described herein. 

In another embodiment, the invention is implemented primarily in 
hardware using, for example, hardware components such as application 
specific integrated circuits (ASICs). Implementation of the hardware state 
25 machine so as to perform the functions described herein will be apparent to 
persons skilled in the relevant art(s). 

In yet another embodiment, the invention is implemented using a 
combination of both hardware and software. 

While the invention has been particularly shown and described with 
30 reference to preferred embodiments thereof, it will be understood by those 
skilled in the relevant art that various changes in form and details may be 
made therein without departing from the spirit and scope of the invention, 

WHAT IS CLAIMED IS: 
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CLAIMS 

1- In a network management system having a network manager 

2 and at least one network element, wherein the network manager has a 
plurality of managed object trees, a method for software versioning, 
4 comprising the steps of: 

identifying a first managed object tree having at least one managed object 
6 to be upgraded; 

creating a second managed object tree having at least one managed object 
8 by transforming the topology of said first managed object tree; and 

performing data transformation of said at least one managed object of 
10 said second managed object tree. 

2. The method of claim 1, wherein said step of creating further 
2 comprises traversing said first managed object tree and building a list of said 

at least one managed object of said first managed object tree. 

3. The method of claim 1, wherein said step of creating further 
2 comprises identifying a topology transformation rule associated with said at 

least one managed object of said first managed object tree. 

4. The method of claim 3, wherein said step of creating further 
2 comprises generating at least one managed object of said second managed 

object tree in response to said step of identifying. 

5. The method of claim 3, wherein said step of creating further 
2 comprises determining the type of said topology transformation rule. 

6. A computer program product for enabling a processor in a 
2 computer system to perform software versioning in a network management 

system having a network manager and at least one network element, 
4 wherein the network manager has a central processing unit (CPU), an 

operating system and a plurality of managed object trees, said computer 
6 program product comprising: 

a computer usable medium having computer readable program code 
8 means embodied in said medium for causing an application program to 
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execute on the computer system, said computer readably program code 
10 means comprising: 

a computer readable first program code means for causing the processor 
12 to identify a first managed object tree having at least one managed object to 

be upgraded; 

14 a computer readable second program code means for causing the 

processor to create a second managed object tree having at least one 

16 managed object by transforming the topology of said first managed object 
tree; and 

18 a computer readable third program code means for causing the processor 

to perform data transformation of said at least one managed object of said 
20 second managed object tree. 

7. The computer program product of claim 6, wherein said second 
2 program code means further comprises program code means for causing the 

processor to traverse said first managed object tree and building a list of said 
4 at least one managed object of said first managed object tree. 

8. The computer program product of claim 6, wherein said second 
2 program code means further comprises program code means for causing the 

processor to identify a topology transformation rule associated with said at 
4 least one managed object of said first managed object tree. 

9. The computer program product of claim 8, wherein said second 
2 program code means further comprises program code means for causing the 

processor to generate at least one managed object of said second managed 
4 object tree in response to said step of identifying. 

10. The computer program product of claim 8, wherein said second 
2 program code means further comprises program code means for causing the 

processor to determine the type of said topology transformation rule. 

11. In a network management system having a network manager 
2 and at least one network element, wherein the network manager has a 

plurality of managed object trees, a system for software versioning, 
4 comprising: 

means for identifying a first managed object tree having at least one 
6 managed object to be upgraded; 
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means for creating a second managed object tree having at least one 
8 managed object by transforming the topology of said first managed object 
tree; and 

10 means for performing data transformation of said at least one managed 

object of said second managed object tree. 

12. The system of claim 11, wherein said means for creating further 
2 comprises means for traversing said first managed object tree and building a 

list of said at least one managed object of said first managed object tree. 

13. The system of claim 11, wherein said means for creating further 
2 comprises means for identifying a topology transformation rule associated 

with said at least one managed object of said first managed object tree. 

14. The system of claim 13, wherein said means for creating further 
2 comprises means for generating at least one managed object of said second 

managed object tree in response to said step of identifying. 

15. The system of claim 13, wherein said means for creating further 
2 comprises means for determining the type of said topology transformation 

rule. 
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